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SYSTEMS, METHODS AND APPARATUS OF 
HANDLING STRUCTURES IN 

THREE-DIMIENSIONAL IMAGES 

RELATED APPLICATION 

0001. This application is related to copending U.S. appli 
cation Ser. No. 10/858,241, filed Jun. 1, 2004 and titled 
“Systems and Methods for Segmenting an Organ in a 
Plurality of Images.” 
0002 This application is related to copending U.S. appli 
cation Ser. No. 10/935,893, filed Sep. 8, 2004 and titled 
“Contrast Agent Imaging-Driven Health Care System and 
Method.” 

0003. This application is related to copending U.S. appli 
cation Ser. No. 10/907,690, filed Apr. 12, 2005 and titled 
“Method and System for Automatically Segmenting Organs 
from Three Dimensional Computed Tomography Images.” 
0004. This application is related to copending U.S. appli 
cation Ser. No. , filed Feb. 11, 2006 and titled 
“SYSTEMS, METHODS AND APPARATUS OF HAN 
DLING STRUCTURES IN THREE-DIMENSIONAL 
IMAGES HAVING MULTIPLE MODALITIES AND 
MULTIPLE PHASES 

FIELD OF THE INVENTION 

0005. This invention relates generally to imaging sys 
tems, and more particularly to three dimensional imaging 
systems. 

BACKGROUND OF THE INVENTION 

0006 Images of a structure of an object are generated in 
one of a number of conventional modalities. In medical care, 
where the object is a patient, the images are Suitable for 
diagnostic purposes or radiotherapy treatment, or for plan 
ning Surgery. 

0007 Examples of the conventional modalities include 
conventional X-ray plane film radiography, computed 
tomography (CT) imaging, magnetic resonance imaging 
(MRI), and nuclear medicine imaging techniques, such as 
positron emission tomography (PET) and single photon 
emission computed tomography (SPECT). 
0008. A three-dimensional (3D) medical image is a col 
lection of adjacent (transaxial) two-dimensional (2D) slices. 
Clinicians recombine anatomical elements of 2D slices to 
form a 3D image of an anatomical region or an organ. This 
recombination process is usually termed reconstruction. 
0009. During clinical diagnosis, the patient’s internal 
anatomy is imaged to determine how a disease has pro 
gressed. The infected tissues show some differences from 
normal tissues. Also, the patient may have some type of 
individual differences or abnormalities regarding healthy 
tissues. 

0010. The clinicians identify and handle critical anatomi 
cal regions, and in particular organs, on several images for 
planning of treatment or Surgery. Handling critical anatomi 
cal regions and organs includes tracing the outline of these 
regions and organs, which yields graphical objects. A 
graphical object visually marks for the clinician the separa 
tion of an anatomical region from the other parts of an 
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image. Manually drawing the individual contours on a 
contiguous set of 2D slices then combining them is very time 
consuming and labor intensive. The time and labor increases 
significantly with the number of image slices, the number 
and sizes of the organs, tumors, etc. in the anatomical area 
of interest. The quality of the contouring and 3D visual 
graphical objects generated from the 2D slices depends on 
the resolution and contrast of the 2D images, and on the 
knowledge and judgment of the clinician performing the 
reconstruction. However, conventional methods of segmen 
tation of anatomical regions and organs by the clinician 
require a considerable amount of time to be performed and 
Subjectivity in the judgment of the clinician in manual 
segmentation introduces a high degree of imprecision. 
0011. The graphical objects also need to be managed. 
Conventional methods of managing the graphical objects are 
inefficient and overwhelming to the abstraction skills of 
human clinicians. 

0012 For the reasons stated above, and for other reasons 
stated below which will become apparent to those skilled in 
the art upon reading and understanding the present specifi 
cation, there is a need in the art for more efficient methods 
and apparatus of managing graphical objects. There is also 
need to reduce the time and imprecision of human clinicians 
in segmenting anatomical regions. 

BRIEF DESCRIPTION OF THE INVENTION 

0013 The above-mentioned shortcomings, disadvan 
tages and problems are addressed herein, which will be 
understood by reading and studying the following specifi 
cation. 

0014. The systems, method and apparatus described 
below are a complex system, yet are an efficient and 
user-friendly system, which manages organization of 
graphical objects and manual/automated contouring (seg 
mentation). The systems, method and apparatus described 
below are suitable for any kind of image modality and any 
kind of segmentation algorithm. 
0015. In one aspect management of the graphical objects 
includes grouping the objects together for classification. In 
other aspects, the management of the graphical objects 
includes measuring characteristics of the graphical objects. 
0016. In a further aspect, the system to organize anatomi 
cally related parts into structures includes a workflow sys 
tem that receives a plurality of images and at least one user 
input from an external source. The workflow system 
includes two modules or components. One of the two 
modules provides manual or an automated contouring of the 
anatomical regions and organs on images in accordance with 
the user input that ultimately yields graphical objects. The 
manual contouring is performed either by tracing or by 
follow-up techniques. The automated contouring is per 
formed either by thresholding or by organ segmentation that 
has a technical effect of being considerably faster and more 
precise than conventional manual techniques. The other 
module provides organization to the graphical objects by 
creating explicitly or implicitly, containers or group of 
containers, in accordance with the user input that ultimately 
yields organized containers. A container of a graphical 
object is also known as a structure. The clinicians usually 
use the name of the container to identify the graphical 
object. 
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0017. In another aspect, the system eases organization of 
structures by flexible usage of structures. That is, the system 
creates, stores, retrieves and combines anatomically relevant 
parts in structures. 
0018. In yet another aspect, the systems, method and 
apparatus described below is applicable to structure han 
dling from explicit or implicit structure creation, via draw 
ing graphical object contour either manually (tracing, follow 
up) or automatically (thresholding, organ segmentation), to 
structure management and usage. A segmentation workflow 
can be used in two different ways. The first way greatly 
Supports user interaction, intended for organs that are diffi 
cult to segment fully automatically (e.g. because of low 
contrast). Another process Supports batch mode, intended for 
organs whose segmentation is relatively long. 

0019. In still another aspect, the systems, method and 
apparatus described below provide easy-to-use workflow in 
the correct order. The systems, method and apparatus 
described below elevates abstraction level, provides consis 
tent organization with clean layout, while allowing a user to 
maintain control during the segmentation process with a 
large number of choices and options. 
0020. In a further aspect, a method to organize anatomi 
cally related parts into structure groups includes creating a 
plurality of graphical objects of related anatomical regions 
and organs, and combining the plurality of structures of the 
graphical objects of the related anatomical regions and 
Organs. 

0021. In yet a further aspect, a method to manage groups 
of structures of includes creating a plurality of graphical 
objects from predefined data and creating graphical objects 
from user-defined data. 

0022 Systems, clients, servers, methods, and computer 
readable media of varying scope are described herein. In 
addition to the aspects and advantages described in this 
Summary, further aspects and advantages will become appar 
ent by reference to the drawings and by reading the detailed 
description that follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a block diagram of an overview of a 
system to organize anatomically related parts into structures; 

0024 FIG. 2 is a flowchart of a method to organize 
anatomically related parts into structure groups according to 
an embodiment; 

0.025 FIG. 3 is a flowchart of a method to organize 
anatomically related parts into structure groups according to 
an embodiment; 

0026 FIG. 4 is a flowchart of a method to manage groups 
of structures according to an embodiment; 

0027 FIG. 5 is a block diagram of a hardware and 
operating environment in which different embodiments can 
be practiced; 

0028 FIG. 6 is a block diagram of an hierarchical struc 
ture for use in an implementation; 
0029 FIG. 7 is a graphical display of the relationship of 
a number of anatomical regions; 
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0030 FIG. 8 is a graphical user interface that illustrates 
adding a structure on the hierarchical structure tree; 
0031 FIG. 9 is a graphical user interface that illustrates 
linking a structure on the hierarchical structure tree; 
0032 FIG. 10 is a graphical user interface that illustrates 
unlinking a structure on the hierarchical structure tree; 
0033 FIG. 11 is a graphical user interface that illustrates 
a variety of structure link functions on the hierarchical 
structure tree; and 
0034 FIG. 12 is a block diagram that illustrates linked 
structures on the hierarchical structure tree. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0035) In the following detailed description, reference is 
made to the accompanying drawings that form a part hereof, 
and in which is shown by way of illustration specific 
embodiments, which may be practiced. These embodiments 
are described in sufficient detail to enable those skilled in the 
art to practice the embodiments, and it is to be understood 
that other embodiments may be utilized and that logical, 
mechanical, electrical and other changes may be made 
without departing from the scope of the embodiments. The 
following detailed description is, therefore, not to be taken 
in a limiting sense. 
0036) The detailed description is divided into five sec 
tions. In the first section, a system level overview is 
described. In the second section, embodiments of methods 
are described. In the third section, the hardware and the 
operating environment in conjunction with which embodi 
ments may be practiced are described. In the fourth section, 
particular implementations are described. Finally, in the fifth 
section, a conclusion of the detailed description is provided. 

Overview 

0037 FIG. 1 is a block diagram of an overview of a 
system to organize anatomically related parts into structures. 
System 100 solves the need in the art for more efficient 
methods and apparatus of managing graphical objects. Sys 
tem 100 also solves the need in the art to reduce the 
challenge to humans in managing graphical objects. System 
100 also reduces time and improves precision of human 
clinicians in segmenting anatomical regions. 
0038) System 100 includes a workflow system 102 that 
receives a plurality of images 104 and at least one user input 
106 from an external source. The workflow system 102 
includes two modules or components. One of the two 
modules 108 provides organization to the images 104 by 
creating explicitly or implicitly structures or group of struc 
tures in accordance with the user input 106 that ultimately 
yields organized structures 110. Thus system 100 solves the 
need in the art for more efficient methods and apparatus of 
managing graphical objects and reducing the challenge to 
humans in managing graphical objects. 
0039 The other module 112 provides manual or an 
automated contouring of the images 104 in accordance with 
the user input 106 that ultimately yields graphical objects 
114. The manual contouring is performed either by tracing 
or by follow-up techniques. The automated contouring is 
performed either by thresholding or by organ segmentation 



US 2007/0189590 A1 

that has a technical effect of being considerably faster and 
more precise than conventional manual techniques. Thus 
system 100 also reduces time and improves precision of 
human clinicians in segmenting anatomical regions. 

0040. In some embodiments, the structures of system 100 
and methods 200-400 are organized in a tree structure in 
accordance with the occurrence of anatomical regions. One 
embodiment of Such a tree structure is shown in apparatus 
600 in FIG. 6. 

0041) System 100 is suitable for any kind of image 
modality Such as X-Ray plane film radiography, computed 
tomography (CT) imaging, magnetic resonance imaging 
(MRI), and nuclear medicine imaging techniques, such as 
positron emission tomography (PET) and single photon 
emission computed tomography (SPECT). System 100 is 
also Suitable for any kind of segmentation algorithm. 

0042 Some embodiments operate in a multi-processing, 
multi-threaded operating environment on a computer, Such 
as computer 502 in FIG. 5. While the system 100 is not 
limited to any particular workflow system 102, image 104, 
user input 106, organization function 108, organized struc 
tures 110, contour function 112 and graphical objects 114 for 
sake of clarity a simplified workflow system 102, image 104, 
user input 106, organization function 108, organized struc 
tures 110, contour function 112 and graphical objects 114 are 
described. 

Method Embodiments 

0043. In the previous section, a system level overview of 
the operation of an embodiment is described. In this section, 
the particular methods of such an embodiment are described 
by reference to a series of flowcharts. Describing the meth 
ods by reference to a flowchart enables one skilled in the art 
to develop Such programs, firmware, or hardware, including 
Such instructions to carry out the methods on Suitable 
computers, executing the instructions from computer-read 
able media. Similarly, the methods performed by the server 
computer programs, firmware, or hardware are also com 
posed of computer-executable instructions. Methods 200 
400 are performed by a program executing on, or performed 
by firmware or hardware that is a part of a computer, Such 
as computer 502 in FIG. 5. 

0044 FIG. 2 is a flowchart of a method 200 to organize 
anatomically related parts into structure groups according to 
an embodiment. Method 200 solves the need in the art to 
reduce the challenge to humans in managing graphical 
objects. Method 200 also reduces time and improves preci 
sion of human clinicians in segmenting anatomical regions. 

0045 Method 200 includes creating 202 a plurality of 
graphical objects of related anatomical regions. Method 200 
also includes combining 204 the plurality of structures of the 
graphical objects of the related anatomical regions. 

0046 Method 200 organizes anatomically relevant parts 
into structure groups, regardless whether the structure 
groups are explicitly or implicitly created in action 202. In 
Some embodiments, explicit creation of a structure or a 
group of structures includes adding the structure to an 
existing or a newly created structure group. In addition a 
group of structures can also be added to other groups of 
Structures. 
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0047. In some embodiments, implicit creation of a struc 
ture or a group of structures is accomplished by an organ 
segmentation process. One example of an organ segmenta 
tion process is lung segmentation that automatically creates 
structures and an outline of both the right and left lungs. 
0048. In some embodiments, in implicit creation of a 
structure or a group of structures, the user is not required to 
create a structure explicitly beforehand using segmentation. 
A segmentation result is stored in a visual graphical object 
that is created in response to the segmentation, the structure 
container of the graphical objects being maintained by a 
structure handling system. Optionally, the user stores the 
segmentation result in an already existing structure. When a 
visual graphical object is created in response to the segmen 
tation, a pre-defined set of properties (e.g. name, color, type) 
are referenced during the creation. 
0049 Segmentation algorithms may create more than one 
visual graphical object (e.g. lung: right lung and left lung) 
simultaneously. The structure container of these graphical 
objects is stored in a structure group that is created in 
response to the segmentation, and that are maintained by a 
structure group handling system. 

0050. Some embodiments of method 200 further include 
one or more of the following operations on one or more 
visual graphical object(s) Such as multiple selection, union, 
join, difference, intersect, delete, margin, set visibility, set 
transparency and/or set color, in any combination of opera 
tions. 

0051. The organ segmentation process provides delinea 
tion of anatomical regions. Segmentation of organs is based 
on image features and anatomical information. To adapt to 
different user needs in segmentation, a workflow of segmen 
tation can perform in two different methods. The first 
method is particularly well suited for organs that are difficult 
to fully segment without human interaction, as the result of 
image problems such as low image contrast. The first 
process Supports batch mode via usage of segmentation 
protocols, which is particularly well-suited for organs whose 
segmentation is relatively long. Batch mode means process 
ing in the background, that is, interaction from the user is not 
required. 

0052 One general method of segmentation workflow 
includes, selecting an organ to be segmented (in batch mode, 
several organs can be selected and collected into a segmen 
tation protocol); an optional action of defining seed points or 
curves; an optional action of adding seed(s) (some segmen 
tation algorithms may run without providing any seed, 
especially within a protocol); accepting user interaction 
during segmentation, the level of interaction depending 
upon the execution mode of either interactive segmentation 
or batch mode via protocols; and adding segmented object(s) 
to the structure (group) list. 
0053. In some embodiments, several types of seeds are 
provided to start the automatic segmentation, such as: no 
seed at all, seed point, curve, segment or region of interest 
(ROI). Providing the seed can be performed in various ways, 
Such as typing point coordinates, clicking and drawing by 
the user. In addition, suitable seed(s) may be presented to the 
user, and then user decides which if any seed to accept as 
given, or adjusting the presented seed(s), or the user can 
provide different one(s). 
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0054. In some embodiments, selecting segmentation 
parameters has also numerous alternatives, such as: direct 
typing, loading previously chosen and saved parameter set, 
or selection among options. The segmentation parameters 
minimize the amount of interaction from the user. 

0055. In some embodiments, visual cues are provided to 
help guide the user in data entry. Examples of the visual cues 
include drawing a circle around the graphical cursor while 
user aims to select a seed point for eye ball segmentation, 
interactively showing the initial region of segmentation, 
which can range from a minimal region in case of a simple 
region growing algorithm to a roughly-fit model in case of 
model-based segmentation, and a warning that a seed is not 
correct (e.g. user accidentally clicked in image background. 
User has the possibility to modify seed points and curves 
prior starting the segmentation algorithm. This includes 
re-typing coordinates, clicking a new seed point, re-placing 
the point by dragging, redrawing completely a curve, editing 
a curve or re-placing the curve by dragging, etc. 

0056. In some embodiments, cases of new seed selection 
or existing seed modification are distinguished. A cue used 
in distinguishing between cases of new seed selection or 
existing seed modification is whether graphical cursor loca 
tion is near to an existing seed or not, e.g. whether the user 
has already clicked 1 seed point and the algorithm needs 2 
seed points. When the user clicks in the vicinity of the 
existing point again the system interprets the click as a 
modification action, otherwise the clicking is interpreted as 
a creation action. The size of the vicinity is set to a 
predetermined default value, but the user can also define the 
size of the vicinity an override the default value. 
0057. In some embodiments, interactive segmentation 
provides flexibility and control while maintaining efficiency 
and ease of use to the user. In interactive segmentation, a 
progress bar displays advancement of the segmentation 
process in time. In addition, a “cancel will cancel the 
interactive segmentation when clicked by the user. When the 
interactive segmentation is cancelled, the temporary result 
becomes the finale result, which is helpful to an impatient 
user who is willing to accept the current state of the 
precision of interactive segmentation. The user is able to 
continue the operation after a segmentation process is can 
celled, with the same or different set of segmentation param 
eters. The balance between precision and speed can be also 
adjusted as a user preference. 

0.058. In some embodiments, a segmentation process can 
be paused or broken, and thereafter continued, which allows 
a user to a review the temporary result, interactively correct 
the results between a break and continue operation. The 
interactive correction can be organ-specific (extension of the 
on-going segmentation algorithm) or general modification 
with manual editing tools. The actions of interactive editing 
can be undo and redo, which can be performed step by step, 
or the user can select a state or action from the undo/redo 
list. 

0059. In some embodiments of batch segmentation, sev 
eral organs are collected for one background processing. 

0060. In some embodiments, interactive segmentation 
protocols and batch segmentations are defined in a variety of 
ways. In one example, a list of all the organs that need to be 
automatically segmented is received from the user. 
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0061. In another embodiments, the organs are ranked in 
an optimal execution order, so that: 
0062 1) Pre-processing of segmentation requires mini 
mum execution time (optimization in speed): e.g. Smooth 
ing of image data is performed only once and on the union 
of ROIs containing the individual organs. As a consequence, 
saving time is important in case of neighboring organs, such 
as liver—right kidney or spleen left kidney. 
0063. 2) Suitable seed(s) are located (optimization in 
interaction). In one example, the spinal cord is segmented 
either with a user-given seed point or without any seed 
(system is able to find a proper seed based on center position 
and intensity value of spine). Then rough position of other 
organs is automatically found with respect to position and 
bending of spine. 
0064. 3) Leakage is minimized (optimization in quality). 
In one example, after segmentation of the spinal cord, organs 
of large size (e.g. liver) are segmented, because they have 
less chance to visually leak. Finally Small organs or organs 
with complex shape (e.g. kidney) follows, during their 
segmentation the already segmented organs are used as 
constraints to prevent leakage. 
0065. A background segmentation protocol process is 
started after receiving an indication of start. The background 
segmentation protocol process is performed with the fol 
lowing seed options: 1) All necessary seeds for all the organs 
are received from the user in advance. 2) The seeds only for 
some “difficult organs are received from the user in 
advance; for the other organs, the seeds are determined from 
the protocol. 3) All seeds are determined by and received 
from the protocol. When the seed is determined by the 
protocol, the user is solicited or queried for optional con 
firmation about seeds when segmentation of the actual organ 
is starting. 
0066. In some embodiments, execution of segmentation 
protocol conforms to the following requirements: 1) Organs 
are segmented in the order defined by the system. 2) The 
user is solicited to verify then accept/adjust/re-give seed, as 
requested by the user during protocol start-up. 3) Different 
organs are not allowed to overlap each-other, which reduces 
leaking between neighboring organs. 4) Displaying progress 
of protocol execution. In a default mode, a progress bar is 
display and the user is Solicited as to whether temporary 
results of the segmentation are to be displayed. 5) The user 
is solicited to cancel either the actual organ segmentation 
only or the whole protocol. 6) The user is solicited to pause 
or break the segmentation, after that the temporary result of 
that organ will become the finale one, and the protocol 
continues with the segmentation of the next organ. Interac 
tive correction and continuation (of segmentation of the 
organ stopped) is not Supported after a break and is not 
Supported during protocol execution. 

0067 FIG. 3 is a flowchart of a method 300 to organize 
anatomically related parts into structure groups according to 
an embodiment. Method 300 solves the need in the art to 
reduce the challenge to humans in managing visual graphi 
cal objects. Method 300 also reduces time and improves 
precision of human clinicians in segmenting anatomical 
regions. 

0068 Method 300 includes creating 202 a plurality of 
graphical objects of related anatomical regions and storing 
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0094. The group structure class 604 defines a structure 
class of a group of structures. The eye structure class 606 
defines a structure class having attributes and functions that 
represent unique aspects of eye anatomy. The lung structure 
class 608 defines a structure class having attributes and 
functions that represent unique aspects of lung anatomy. The 
liver structure class 610 defines a structure class having 
attributes and functions that represent unique aspects of liver 
anatomy. The kidney structure class 612 defines a structure 
class having attributes and functions that represent unique 
aspects of kidney anatomy. 

0.095 If user selects an organ-specific segmentation algo 
rithm when no structure (or group) selected in the structure 
table, then there will be a new structure added to the table, 
if the result of the algorithm is only 1 structure; otherwise, 
the generated structures will belong to a newly generated 
structure group; all based on the predefined settings. 
0096 FIG. 7 is a graphical display 700 of the relationship 
of a number of anatomical regions. Graphical display 700 is 
display of the organized structures 110 in FIG. 1 created in 
accordance with the hierarchical anatomical object structure 
600 in FIG. 6 by methods 200 in FIG. 2,300 in FIG.3 and/or 
method 400 in FIG. 4 in accordance with graphical user 
interfaces 800, 900, 1000 and 1100 below. 

0097 Graphical display 700 includes column or fields 
that indicate a structure name 702, visibility 704, color 706 
and structure type 708 of at least one structure. In the 
example of graphical display 700, four structures are dis 
played. The first structure 710 shown in graphical display 
700 is a group structure named “Group 1 that has visibility 
set, no color set, and no structure type. 
0098. The second structure 712 shown in graphical dis 
play 700 is a child structure of the “Group 1710 named 
“Structure 2 that has visibility set, color set to yellow, and 
an organ structure type. The third structure 714 shown in 
graphical display 700 is a child structure of the “Group 
1”710 named “Structure 1” that has visibility set, color set 
to blue, and an organ structure type. The fourth structure 716 
shown in graphical display 700 is a structure not associated 
with any other structure that is named “Structure3’ that has 
visibility set, color set to yellow, and an organ structure type. 

0099. In some embodiments, the child and parent struc 
tures 710, 712 and 714 are associated via links as discussed 
below FIG. 12. The structures can be linked in any one of a 
number of conventional link techniques, such as singly 
linked, doubly linked, recursively linked, and/or circularly 
linked lists. 

0100. In some embodiments, structures (e.g. instantiated 
objects of the classes in the hierarchical anatomical object 
structure 600) can be manipulated in a variety of ways 
through GUI 700. Parameters (e.g. name, visibility, color, 
type) of any structure or structure group that can modified. 
A table of the structures can be sorted based on the param 
eters and displayed. New structures can be added to an 
existing structure group. Existing structures can be deleted 
from a structure group. Empty structure groups can be 
created and structures added to it later. Structures can be 
dragged and dropped between structure groups on a graphi 
cal user interface. Graphical displays of structure groups can 
be opened or closed upon direction from user. An empty 
structure can be selected and named from a predefined list of 
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names or named from a free-form text format. Multiple 
structures or structure groups can be selected. Structure 
contours can be changed with the drawing tools for all 
structures in selected group or outside a structure group. 
Union/join, difference, intersect and/or delete operations can 
be performed on a volume of structures or structure groups. 
When a user selects a segmentation algorithm and a struc 
ture group, then the generated structure(s) are associated 
with the selected structure group and a predefined structure 
group is added. When a user re-generates the structure group 
(re-run of a segmentation algorithm within the same struc 
ture group), then the previously deleted structures are gen 
erated again. When a user executes a segmentation algo 
rithm that already executed, then the created structure names 
will differ. For example, adding a number to the end of the 
name. e.g.: lung segmentation, left lung1 and right lung1. 
Differentiator characters can be overwritten or appended at 
the end of groups and structures. 

0101 FIG. 8 is a graphical user interface (GUI) 800 
reflecting the tree structure of the hierarchical anatomical 
object structure 600 in FIG. 6 that illustrates adding a 
Structure. 

0102) At the highest menu level of GUI 800, three 
options are presented to the user; “add structure group'802, 
“add structure'804, and “structures'806. Selecting “add 
structure group'802 invokes instantiation of an object of the 
group structure class 604 of FIG. 6. Selecting "add struc 
ture'804 invokes instantiation of an object of the structure 
class 602 of FIG. 6. 

0103) Selecting “structures'806 invokes display of a sec 
ond level menu of GUI 800, which presents four options to 
the user, “eye'808, “lung'810, “liver'812 and “kidney'814. 
Selecting “eye'808 invokes instantiation of an object of the 
eye structure class 606 in FIG. 6. Selecting “lung'810 
invokes instantiation of an object of the lung structure class 
608 in FIG. 6. Selecting “liver'812 invokes instantiation of 
an object of the liver structure class 610 in FIG. 6. Selecting 
“kidney'814 invokes instantiation of an object of the kidney 
structure class 612 in FIG. 6. 

0104 FIG. 9 is a graphical user interface (GUI) 900 
reflecting the tree structure of the hierarchical anatomical 
object structure 600 in FIG. 6 that illustrates linking a 
Structure. 

0105. At the highest menu level of GUI900, at least three 
options are presented to the user; “unlink structure'902, 
“link structure to”904, and “linked structures'906. Selecting 
“link structure to'904 invokes display of a second level 
menu of GUI 900, which presents a list of the existing 
structures to which a structure can be linked. The example 
of GUI900 displays a list of two structures, “structure1908, 
"structure2'910 with other structures such as "structure 
n°912. 

0106) Selecting “structure1908 invokes linking of a 
structure to the “structure1 structure. Selecting “struc 
ture2'910 invokes linking of a structure to the “structure2 
Structure. 

0107 FIG. 10 is a graphical user interface (GUI) 1000 
reflecting the tree structure of the hierarchical anatomical 
object structure 600 in FIG. 6 that illustrates unlinking a 
Structure. 
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0108). At the highest menu level of GUI 1000, at least 
three options are presented to the user; “unlink struc 
ture'902, “link structure to’904, and “linked structures'906. 
Selecting “unlink structure'902 invokes display of a second 
level menu of GUI 1000, which presents a list of the existing 
structures that can be unlinked. The example of GUI 1000 
displays a list of three structures, ALL 1002, “struc 
ture11004 and “structure21006. 

0109) Selecting ALL 1002 invokes unlinking of all struc 
tures. Selecting “structure 11004 invokes unlinking of the 
“structure1 structure. Selecting “structure21006 invokes 
unlinking of a structure to the “structure2 structure. 
0110 FIG. 11 is a graphical user interface (GUI) 1100 
reflecting the tree structure of the hierarchical anatomical 
object structure 600 in FIG. 6 that illustrates a variety of 
structure link functions. 

0111. At the highest menu level of GUI 1100, at least 
three options are presented to the user; “unlink struc 
ture'902, “link structure to’904, and “linked structures'906. 
Selecting “linked structure’906 invokes display of a second 
level menu of GUI 1100, which presents a list of the 
structure functions. The example of GUI 1100 displays a list 
of three functions, “show all linked1102, “hide all 
linked 1104 and “select all linked 1106. 

0112 Selecting “show all linked 1102 invokes display of 
all linked structures. Selecting “hide all linked'1104 invokes 
non-display of all linked structures. Selecting “select all 
linked 1106 invokes selecting all linked structures. 
0113 FIG. 12 is a block diagram of structure architecture 
1200 of tree structure of the hierarchical anatomical object 
structure 600 in FIG. 6 that illustrates linked structures. 
Structure architecture 1200 shows related manifests of an 
anatomical part on different images linked together, showing 
an embodiment in which the different graphical objects have 
been created and stored, while tracking changes between 
different modalities or between different phases. 
0114. In structure architecture 1200, a group of graphical 
objects (and their container structures) 1202, 1204 and 1206 
that are related manifests of the same (group of) anatomical 
region(s) or organ(s) at different modalities or phases have 
linked status through links 1208 and 1210 to each other and 
to a reference image series 1212 through links 1214, 1216 
and 1218. 

0115) In some embodiments, the linked status is created 
upon instantiation of the structures. In some embodiments, 
structures and/or a group of structures are manually linked 
or unlinked at the direction of the user as shown in GUI 900 
and GUI 1000 above. 

0116. Thus, structure architecture 1200 supports easy 
follow-up of structures or group of structures through mul 
tiple modalities and phases by providing the “linked' status 
in a flexible way. 
0117 Structure architecture 1200 is operable for multi 
modality and/or multi-phase structure handling. In some 
embodiments, multi-modality is supported as follows: One 
image series has a unique role, it is called “reference 
modality image series' Such as reference image series 1212. 
An image series having any kind of modality can be selected 
as reference image series 1212. A user contours (both 
manually and automatically) anatomical regions 1202, 1204 
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and 1206 on a reference image 1212. Such as a CT image. 
The contours are automatically transferred to other fused 
images (e.g. MR or PET images). During automatic trans 
formation, the effect of difference in resolution between 
modalities (e.g. CT V.S. PET) is automatically corrected. 
0118. The automatically transferred structures will be 
created in the same structure group as the reference structure 
belongs to (if any). The user can inhibit automatic transfer. 
For example, the user contours and visualizes specifically 
pelvic bones on CT only, and bladder on MR only. Option 
ally, the user draws the contours of the same anatomical 
region or organ on any other image, independently of the 
contours drawn on the reference image. Meanwhile, chang 
ing between modalities is allowed. The user can modify the 
automatically transferred contours, which does not affect the 
linked status. 

0119 When the user directs modification of the contours 
on the reference image 1212, the corresponding contours are 
optionally aligned on the other (fused) images 1202, 1204 
and 1206. The transferred structure or structure group name 
will differ (e.g. add a reference to modality to the end of the 
name. e.g.: left lung CT and right lung CT as well 
left lung PET and right lung PET). 
0.120. The user optionally names the structure or structure 
group of the same anatomical region or organ, drawn 
independently on the different modalities, in a way reflecting 
their relationship (e.g. left lung CT and and left lung 
PET). After that these structures have linked status. Option 

ally, a differentiator character is overwritten or appended at 
the end, for groups and structures as well. This will not affect 
the linked status. 

0121. During a “Modality Review Mode,” all selected 
structures such as 1202, 1204 and 1206 that are linked to the 
reference image 1212 are displayed, regardless on which 
image the graphical object contours were created. In addi 
tion, contours and the contained regions of the graphical 
object can be shown in review mode. 
0122) In some embodiments, color codes are displayed to 
indicate how much percentage of regions is common. As an 
example, red would indicate common regions for most of the 
contours, orange, yellow, green decreasing common regions, 
while blue would indicate region only part of one structure. 
0123 The operations of union/join, difference and inter 
section on the volume of selected structures or structure 
groups are also performed at the direction of the user. The 
resulting graphical object of the reference image is dis 
played. In one example, this is useful in comparing differ 
ences in a bladder CT or MR image. Another option is to 
apply any of the previously listed operations to linked 
structures only. 
0.124 Common operations (e.g.: show/hide contour, 
select all) can also be performed on the linked structures. A 
user can direct unlinking of only one structure from a linked 
group of structures. A user can direct unlinking (i.e. break 
ing) all connections in the linked group of structures. The 
user can also direct linking a new structure to the reference 
structure later. 

0.125. In some embodiments, multi-phase is supported as 
follows: One image series is a “reference phase image 
series' such as reference image series 1212. An image series 
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having any order number of phase in a temporal sequence 
can be selected as reference image series. 
0126. A user contours graphical objects (both manually 
and automatically) on a reference phase (e.g. phase when 
contrast just injected). The contours are transferred to the 
other image phases. During the automatic transformation, 
misplacement between phases (e.g. due to breathing) is 
corrected. The transferred structures are created in the same 
structure group that the reference structure belongs to (if 
any). 

0127. The user can direct inhibition of the transfer. For 
example, the user directs contouring and display of a specific 
phase only. Optionally, user draws the contours of the same 
object or organ on any phase, independently of the contours 
drawn on the reference phase. Meanwhile, changing 
between phases is allowed. The user can also direct modi 
fication of the transferred contours. This modification has no 
effect on the linked status. When the user directs modifica 
tion of the contours on the reference phase, the system aligns 
the corresponding contours on the other phases, as directed 
by the user. The transferred structure or structure group 
name will differ (e.g. add a reference to phase to the end of 
the name. e.g.: left lung ph10 and right lung ph10). The 
user can direct naming of the structure or structure group of 
the same object or organ, drawn independently on the 
different phases, in a way reflecting their relationship (e.g. 
left lung ph10 and and left lung ph20). Thereafter, these 
structures will have a linked status. After that these struc 
tures have linked status. Optionally, a differentiator charac 
ter is overwritten or appended at the end, for groups and 
structures as well. This will not affect the linked status. 

0128. An image is generated that has intensity values as 
Maximum Intensity Projections (MIP) of the selected 
phases. The user can select any combination of phases to be 
a basis of MIP phase. 
0129. During a “MIP Review Mode,” all selected struc 
tures such as 1202, 1204 and 1206 that are linked to the 
reference image 1212 are displayed, regardless of which 
phase the structure contours were created. In addition, 
contours and the contained regions can be shown in review 
mode. 

0130. In some embodiments, color codes are displayed to 
indicate what percentage of regions is common. As an 
example, red would indicate common regions for most of the 
contours, orange, yellow, green decreasing common regions, 
while blue would indicate region only part of one structure. 
0131 The operations of union/join, difference and inter 
section on the volume of selected structures or structure 
groups are also performed at the direction of the user. The 
resulting graphical object of the reference image is dis 
played. In one example, this is useful in comparing differ 
ences in a bladder CT or MR image. Another option is to 
apply any of the previously listed operations to linked 
structures only. 
0132) Common operations (e.g.: show/hide contour, 
select all) can also be performed on the linked structures. A 
user can direct unlinking of only one structure from a linked 
group of structures. A user can direct unlinking (i.e. break 
ing) all connections in the linked group of structures. The 
user can also direct linking a new structure to the reference 
structure later. 
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0.133 The structure and contour handling system prefer 
ences are also extended with multi-modality settings (e.g. 
preferred reference image type) and multi-phase settings 
(e.g. preferred reference phase type). 

0.134. In some embodiments of the contouring, various 
ways of manual drawing (tracing or point-to-point click) and 
editing can be performed by interactively modifying (cor 
recting) manual outlines to attach to nearby visible borders 
i.e. gray value differences. In some embodiments, interpo 
lation between contours, regardless if the contours are drawn 
on the same type of slices (e.g. only on axial slices) or any 
mix of slices (e.g. axial/sagittal/coronal slices). In some 
embodiments, contours are copied from a previous slice or 
a template is provided either in 2D or 3D forms such circle, 
ellipse, rectangle, sphere, ellipsoid, etc. An outline is created 
by either thresholding or implementing morphological 
operators (e.g., remove bridges, fill holes, largest compo 
nents, margins). 

0.135 Apparatus components can be embodied as com 
puter hardware circuitry or as a computer-readable program, 
or a combination of both. In another embodiment, the 
system, apparatus and methods are implemented in an 
application service provider (ASP) system. 

0.136 More specifically, in the computer-readable pro 
gram embodiment, the programs can be structured in an 
object-orientation using an object-oriented language such as 
Java, Smalltalk or C++, and the programs can be structured 
in a procedural-orientation using a procedural language Such 
as COBOL or C. The software components communicate in 
any of a number of means that are well-known to those 
skilled in the art, Such as application program interfaces 
(API) or interprocess communication techniques such as 
remote procedure call (RPC), common object request broker 
architecture (CORBA), Component Object Model (COM), 
Distributed Component Object Model (DCOM), Distributed 
System Object Model (DSOM) and Remote Method Invo 
cation (RMI). The components execute on as few as one 
computer as in computer 502 in FIG. 5, or on at least as 
many computers as there are components. 

CONCLUSION 

0.137. A management system of three dimensional 
graphical objects is described. Although specific embodi 
ments have been illustrated and described herein, it will be 
appreciated by those of ordinary skill in the art that any 
arrangement which is calculated to achieve the same pur 
pose may be substituted for the specific embodiments 
shown. This application is intended to cover any adaptations 
or variations. For example, although described in object 
oriented terms, one of ordinary skill in the art will appreciate 
that implementations can be made in a procedural design 
environment or any other design environment that provides 
the required relationships. 

0.138. The systems, method and apparatus described 
above is a complex system, yet is an efficient and user 
friendly system, which manages organization of structures, 
graphical objects and manual/automated contouring (seg 
mentation). The systems, method and apparatus described 
above are Suitable for any kind of image modality and any 
kind of segmentation algorithm. 
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0.139. This system eases organization of graphical objects 
and structures by flexible usage of structure groups. That is, 
the system creates, stores, retrieves and combine anatomi 
cally relevant parts. 
0140. The systems, method and apparatus described 
above is applicable to structure handling from explicit or 
implicit creation of visual graphical object of anatomical 
regions, via drawing the contour of the anatomical region 
either manually (tracing, follow up) or automatically 
(thresholding, organ segmentation), to structure manage 
ment and usage. A segmentation workflow can be used in 
two different ways. The first way highly supports user 
interaction, intended for organs that are difficult to segment 
fully automatically (e.g. because of low contrast). Another 
process Supports batch mode, intended for organs whose 
segmentation is relatively long. 
0141. The systems, method and apparatus described 
above provide easy-to-use workflow in the correct order. 
The systems, method and apparatus described above 
elevates abstraction level, provides consistent organization 
with clean layout, while allowing a user to maintain control 
during the segmentation process with a large number of 
choices and options. 
0142. In particular, one of skill in the art will readily 
appreciate that the names of the methods and apparatus are 
not intended to limit embodiments. Furthermore, additional 
methods and apparatus can be added to the components, 
functions can be rearranged among the components, and 
new components to correspond to future enhancements and 
physical devices used in embodiments can be introduced 
without departing from the scope of embodiments. One of 
skill in the art will readily recognize that embodiments are 
applicable to future communication devices, different file 
systems, and new data types. 
0143. The terminology used in this application is meant 
to include all object-oriented, database and communication 
environments and alternate technologies which provide the 
same functionality as described herein. 
We claim: 

1. A computer-accessible medium to organize anatomi 
cally related parts, the medium comprising: 

a workflow system operable to receive a medical image 
and at least one user input from an external source; 

a first component providing containers to a plurality of 
graphical objects from explicit or implicit structure 
creation in accordance with the user input, the first 
component yielding organized structures, the first com 
ponent operably coupled to the workflow system; 

a second component providing graphical object creation 
and contouring of anatomical regions from the medical 
image in accordance with the user input, the second 
component yielding graphical objects, the second com 
ponent operably coupled to the workflow system; and 

a third component associating the organized structures 
with graphical objects and the contoured anatomical 
regions, the third component operably coupled to the 
first component and the second component. 

2. The computer-accessible medium of claim 1, wherein 
the contouring of the anatomical regions further comprises: 

manual contouring. 
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3. The computer-accessible medium of claim 1, wherein 
the contouring of the anatomical regions further comprises: 

automated contouring. 
4. The computer-accessible medium of claim 1, wherein 

the medical image further comprises: 
one of an X-Ray plane film radiography medical image, 

a computed tomography image, a magnetic resonance 
medical image, a nuclear medicine medical image, a 
positron emission tomography medical image, a single 
photon emission computed tomography medical image. 

5. The computer-accessible medium of claim 4, wherein 
the executable instructions further comprise executable 
instructions capable of directing the processor to perform: 

creating object containers of the related anatomical 
regions that yields structures; and 

outlining the anatomical regions that yields graphical 
objects; and 

associating structures with graphical objects and con 
toured anatomical regions. 

6. The computer-accessible medium of claim 5, wherein 
the executable instructions capable of directing the proces 
Sor to perform the creating further comprise executable 
instructions capable of directing the processor to perform: 

creating explicitly the object containers of the associated 
anatomical regions. 

7. The computer-accessible medium of claim 5, wherein 
the executable instructions capable of directing the proces 
Sor to perform the creating further comprise executable 
instructions capable of directing the processor to perform: 

creating implicitly the object containers of the associated 
anatomical regions. 

8. The computer-accessible medium of claim 5, wherein 
the executable instructions capable of directing the proces 
Sor to perform the creating implicitly further comprise 
executable instructions capable of directing the processor to 
perform: 

segmenting the graphical objects of the anatomical 
regions. 

9. The computer-accessible medium of claim 1, the 
medium further comprising executable instructions capable 
of directing a processor to perform: 

multiple selecting the graphical objects of the anatomical 
regions: 

uniting the graphical objects of the anatomical regions; 
joining the graphical objects of the anatomical regions; 
differentiating the graphical objects of the anatomical 

regions: 
intersecting the graphical objects of the anatomical 

regions: 
deleting the graphical objects of the anatomical regions; 
setting visibility of the graphical objects of the anatomical 

regions; and 
setting color of the graphical objects of the anatomical 

regions. 
10. A computer-accessible medium to manage anatomi 

cally related parts, the medium comprising: 
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providing containers to a plurality of graphical objects 
from explicit or implicit structure creation in accor 
dance with user input, yielding organized structures; 

providing graphical object creation and contouring of 
anatomical regions from the medical image in accor 
dance with the user input, yielding graphical objects; 

associating the organized structures with the graphical 
objects and the contoured anatomical regions, and 

segmenting workflow in at least one of two manners: a 
first manner that highly supports user interaction 
adapted for organs that are difficult to fully segment and 
a second manner that Supports batch mode adapted for 
organs whose segmentation is relatively long. 

11. The computer-accessible medium of claim 10, 
wherein interactive segmentation further comprises: 

a segmentation process that is paused or broken, and 
thereafter continued, which allows a user to review a 
temporary result, interactively correct the temporary 
result between a break and continue operation; the 
interactive correction is specific to an anatomical part 
or generalized to anatomically related parts. 

12. The computer-accessible medium of claim 10, 
wherein batch segmentation further comprises: 

batch mode via usage of segmentation protocols wherein 
interaction from the user is not required, which is 
particularly well-suited for organs whose segmentation 
is relatively long, wherein several anatomically related 
parts are selected and collected into a segmentation 
protocol. 

13. The computer-accessible medium of claim 10, 
wherein the organizing further comprises: 

creating the object containers of the anatomically relevant 
parts; 

storing the object containers of the anatomically relevant 
parts; 

retrieving the object containers of the anatomically rel 
evant parts; and 

combining the object containers of the anatomically rel 
evant parts. 

14. A computer-accessible medium having executable 
instructions to organize anatomically related parts into struc 
ture groups, the executable instructions capable of directing 
a processor to perform: 

creating a plurality of structures from predefined data; 
creating a plurality of graphical objects of related ana 

tomical regions; 
associating the plurality of graphical objects with the 

plurality of structures; 
combining the plurality of structures of the associated 

graphical objects; 

storing the plurality of graphical objects of the related 
anatomical regions; and 

retrieving the plurality of graphical objects of the related 
anatomical regions. 

15. A computer-accessible medium having executable 
instructions to manage groups of graphical objects of ana 
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tomical regions, the executable instructions capable of 
directing a processor to perform: 

creating a plurality of graphical objects of anatomical 
regions from predefined data; and 

creating a graphical object from user-defined data. 
16. The computer-accessible medium of claim 15, 

wherein the plurality of graphical objects further comprise: 
data describing a lung group, the lung group further 

comprising data at least describing a left-lung and a 
right-lung. 

17. The computer-accessible medium of claim 15, 
wherein the plurality of graphical objects further comprise: 

data describing an eye group, the eye group further 
comprising data at least describing: 

a left eye ball; 
a right eye ball, 
a left; 
a right lens; 
a left optic nerve; 
a right optic nerve; and 
a chiasma. 

18. The computer-accessible medium of claim 15, 
wherein the plurality of graphical objects further comprise: 

data describing an abdomen group, the abdomen group 
further comprising data at least describing a liver, a 
kidney and a spleen. 

19. The computer-accessible medium of claim 15, 
wherein the plurality of graphical objects further comprise: 

data describing a pelvis group, the pelvis group further 
comprising data at least describing a prostate, a bladder 
and a rectum. 

20. The computer-accessible medium of claim 15, 
wherein the plurality of graphical objects further comprise 
data describing: 

an eye structure group further comprising attributes and 
functions that represent unique aspects of eye anatomy; 

a lung structure group further comprising attributes and 
functions that represent unique aspects of lung 
anatomy; 

a liver group further comprising attributes and functions 
that represent unique aspects of liver anatomy; 

a kidney group further comprising attributes and functions 
that represent unique aspects of kidney anatomy; 

a spleen group further comprising attributes and functions 
that represent unique aspects of spleen anatomy; 

a spinal cord group further comprising attributes and 
functions that represent unique aspects of spinal cord 
anatomy; 

an abdomen group further comprising attributes and func 
tions that represent unique aspects of abdomen 
anatomy; and 

a pelvis group further comprising attributes and functions 
that represent unique aspects of pelvis anatomy. 
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21. The computer-accessible medium of claim of claim function and wherein no object container is selected in the 
20, wherein when a user selects an eye segmentation func- anatomical structure table, then a new graphical object 
tion, a lung segmentation function, a liver segmentation container is added to the table, if the result of the function 
function, a kidney segmentation function, a spleen segmen- requires only one structure. 
tation function, a spinal cord segmentation function, an 
abdomen segmentation function, or a pelvis segmentation k . . . . 


